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SUMMARY 
F a i l u r e  a n a l y s i s  was conducted on a hea t  p i p e  from a S t i r l i n g  Engine t e s t  
r i g  which was des igned t o  opera te  a t  1073 K .  
found t h a t  a c r a c k  had a l l owed  a i r  to  e n t e r  t he  f i n  and r e a c t  w i t h  t h e  sodium 
c o o l a n t .  
o f  t he  I n c o n e l  600 f i n  where severe i n t e r g r a n u l a r  c o r r o s i o n  had taken p l a c e .  
Premature f a i l u r e  had o c c u r r e d  
7 due t o  l o c a l i z e d  o v e r h e a t i n g  a t  t h e  l e a d i n g  edge o f  t h e  evapora to r  f i n .  I t  was 
rn v 
w I The o r i g i n  o f  t h e  c r a c k  was found t o  be l o c a t e d  a t  t h e  i n n e r  sur face 
INTRODUCTION 
I n  September 1987, t h e  evapora to r  p o r t i o n  o f  a f i n n e d  c y l i n d e r  sodium (Na) 
hea t  p i p e  from a S t i r l i n g  Engine t e s t  r i g  was submi t ted  to  NASA Lewis Research 
Center  f o r  f a i l u r e  a n a l y s i s .  Premature f a i l u r e  had o c c u r r e d  i n  t h e  evapora to r  
which was des igned t o  opera te  a t  1073 K .  Glowing a t  t h e  l e a d i n g  edge o f  t h e  
f i n ,  which was observed d u r i n g  t h e  r u n ,  made i t  apparent  t h a t  l o c a l i z e d  over -  
h e a t i n g  was a p r i m a r y  problem. A p r e l i m i n a r y  examinat ion  o f  t h e  f a i l e d  h e a t  
p i p e  showed t h a t  a c r a c k  which had developed near t h e  l e a d i n g  edge a l l owed  a i r  
t o  l e a k  th rough  t h e  f i n  w a l l  i n t o  t h e  heat  p i p e  and r e a c t  w i t h  t h e  Na c o o l a n t .  
Because o f  t h e  gross  o v e r h e a t i n g  problem, severe l i q u i d  meta l  c o r r o s i o n  
was a n t i c i p a t e d  a t  t h e  l e a d i n g  edge of t h e  f i n .  Devan ( r e f .  1 )  has r e p o r t e d  a 
marked tempera ture  dependence o f  mass t r a n s f e r  f o r  a Ni-base a l l o y  i n  a f o r c e d  
c o n v e c t i o n  Na loop  system, and Thor ley  and Tyzack ( r e f .  2 )  r e p o r t e d  a r a p i d  
c o r r o s i o n  r a t e  i nc rease  w i t h  tempera ture  i n  a s t a i n l e s s  s t e e l  pumped Na loop .  
I n  t h i s  i n v e s t i g a t i o n ,  t h e  f a i l e d  hea t  p i p e  was sub jec ted  t o  macro- and 
mic ro-examinat ion .  
i t s  o r i g i n .  C o r r e c t i v e  a c t i o n s  which w e r e  taken to  a l l e v i a t e  the  o v e r h e a t i n g  
problem a re  ment ioned a long  w i t h  c a u t i o n s  about  i n h e r e n t  i n t e r g r a n u l a r  c o r r o -  
s i o n  c o n s i d e r a t i o n s  f o r  h e a t  p i p e s .  
The o b j e c t i v e  was t o  de termine t h e  n a t u r e  o f  t h e  c r a c k  and 
HEAT P I P E  F A B R I C A T I O N  AND OPERATION 
The f i n n e d  c y l i n d e r  hea t  p i p e  s y s t e m  was f a b r i c a t e d  from I n c o n e l  600 
m a t e r i a l .  The evapora to r  p o r t i o n  i s  shown i n  f i g u r e  1 .  On t h e  i n s i d e  o f  t h e  
0.8 mm t h i c k  I n c o n e l  600 f i n ,  Type 316 s t a i n l e s s  s t e e l  wick m a t e r i a l s  were 
p o s i t i o n e d  as shown i n  f i g u r e  2 ,  as f o l l o w s :  
I 
( 1 )  Three l a y e r s  o f  80 mesh screen i n  c o n t a c t  w i t h  the  f i n  w a l l  
( 2 )  Two l a y e r s  o f  150 mesh screen i n  c o n t a c t  w i t h  t h e  80 mesh screen 
(3) Two l a y e r s  o f  5 mesh woven w i r e  a t  t h e  c e n t e r  
Gas tungs ten  a r c  ( G T A )  welds were made a t  t h e  l e a d i n g  and t r a i l i n g  edges 
o f  the  f i n .  A s  i s  shown i n  f i g u r e  2 ,  l o c a t i o n  B, t h e  welds p e n e t r a t e d  i n t o  
t h e  wick m a t e r i a l s  which extended to t h e  edge of t he  f i n .  The open s i d e  o f  
t h e  f i n  was i n s e r t e d  i n t o  a 6.5 mm wide gap i n  t h e  1 mm t h i c k  w a l l ,  c y l i n d r i -  
c a l l y  shaped member. A s  shown i n  f i g u r e  1 ,  a GTA f i l l e t  weld was used t o  j o i n  
t h e  f i n  t o  the  c y l i n d e r .  
The Na used i n  t h i s  hea t  p i p e  was 99.8 p e r c e n t  pu re  (nomina l ) .  Pr ior  t o  
f i l l i n g ,  t he  hea t  p i p e  was sub jec ted  t o  a vacuum bakeout  and then  coo led .  
Nex t ,  t he  heat  p i p e  was f i l l e d  w i t h  Na vapor which was genera ted  from an e x t e r -  
n a l  evapora to r .  A f t e r  t h e  f i l l i n g  o p e r a t i o n ,  t h e  connec t ion  tube was 
cr imp-sealed and the  evapora to r  was removed. 
I n  o p e r a t i o n ,  t h e  a x i s  o f  t h e  c y l i n d e r  was i n  a h o r i z o n t a l  p o s i t i o n ,  as 
shown i n  f i g u r e  1 .  The f i n  was l o c a t e d  i n  f l u e  gas heated  w i t h  a n a t u r a l  gas 
f lame w i t h  20 p e r c e n t  excess a i r .  On t h e  b a s i s  o f  c a l c u l a t i o n s ,  t he  tempera- 
t u r e  o f  the  gas imp ing ing  on t h e  l e a d i n g  edge o f  t h e  f i n  was about  1820 K .  
D u r i n g  t h e  r u n ,  the  tempera tures  measured a t  pads 1 ,  2 ,  and 3 (1076, 1065, and 
1065 K,  r e s p e c t i v e l y )  were v e r y  c l o s e  t o  t h e  1073 K des ign  tempera ture .  A 
b r i g h t  g low c o n f i n e d  t o  t h e  l e a d i n g  edge, however, i n d i c a t e d  l o c a l i z e d  gross  
o v e r h e a t i n g  t o  perhaps 1350 K .  Es t ima ted  i n t e r n a l  p ressu re  w i t h i n  t h e  hea t  
p i p e  was about  one h a l f  o f  a tmospher ic  p ressu re  (55 .2  kPa) .  The power o u t p u t  
d u r i n g  the  r u n  was between 2.0 and 2 .2  kW and t h e  hea t  f l u x  a t  l e a d i n g  edge o f  
t h e  f i n  was i n  the  range o f  500 t o  600 kW/m2. Under t h e  c o n d i t i o n s  d e s c r i b e d  
above the  hea t  p i p e  system f a i l e d  a f t e r  o n l y  2 h r  due t o  a th rough- the -wa l l  
c rack  near  t h e  l e a d i n g  edge o f  t h e  evapora to r  f i n .  
EVALUATION PROCEDURES 
On r e c e i p t ,  t he  f a i l e d  hea t  p i p e  was submerged i n  f l ow  ng t a p  water  and 
then t h o r o u g h l y  r i n s e d  i n  t a p  wa te r  t o  remove a l l  t r a c e s  o f  f r e e  Na p roduc ts .  
Samples f o r  chemical  a n a l y s i s  o f  t h e  w ick  and f i n  m a t e r i a l s  were taken where 
no macro-cor ros ion  was e v i d e n t  (near  l o c a t i o n  C i n  f i g .  1 ) .  Specimens f o r  
macro- and mic ro-examinat ion  were o b t a i n e d  from l o c a t i o n s  A B, C,  and D as 
shown i n  f i g u r e  1 .  The arrows p o i n t  t o  t h e  c u t  edges which were t o  be viewed. 
A t  l o c a t i o n  D,  t h e  v i e w i n g  d i r e c t i o n  was normal t o  t h e  th rough- the-wa l l  c rack  
i n  the  f i n .  
I 
RESULTS AND DISCUSSION 
Chemical A n a l y s i s  
S i n g l e  chemical  a n a l y s i s  d e t e r m i n a t i o n s  i n d i c a t e d  t h a t  t he  f i n  m a t e r i a l  
was made from t h e  I n c o n e l  600 a l l o y  and t h a t  t h e  w ick  m a t e r i a l  was Type 316 
s t a i n l e s s  s t e e l .  M inor  d e v i a t i o n s  from t h e  s p e c i f i e d  compos i t i on  ranges were 
observed, however, as shown i n  t a b l e  I. The C r  c o n t e n t  o f  t h e  f i n  (13 .8  per -  
c e n t )  was j u s t  below the  14.0 p e r c e n t  minimum for I n c o n e l  600. For  t h e  w ick  
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screen m a t e r i a l ,  N i  a t  8.8 p e r c e n t  (10 .0  pe rcen t  minimum) and Mo a t  1 .3  p e r c e n t  
(2 .0  pe rcen t  minimum) were low. A s  was s t a t e d  i n  t h e  E v a l u a t i o n  Procedures 
s e c t i o n ,  I n c o n e l  600 and Type 316 s t a i n l e s s  s t e e l  a n a l y s i s  samples w e r e  taken 
from r e g i o n s  which showed no macro-cor ros ion .  M i c r o - c o r r o s i o n  e f f e c t s ,  how- 
eve r ,  may have a f f e c t e d  t h e  c h e m i s t r y .  Wi thout  f u r t h e r  chemical  a n a l y s i s  d a t a  
of s t a r t i n g  m a t e r i a l s ,  and o f  m a t e r i a l s  w i t h  v a r i o u s  degrees o f  c o r r o s i o n ,  t h e  
p o s s i b i l i t y  o f  m i c r o - c o r r o s i o n  a f f e c t i n g  m a t e r i a l  chemis t r y  i s  u n c e r t a i n .  I n  
any even t ,  i t  i s  b e l i e v e d  t h a t  t h e  o v e r a l l  behav io r  o f  t h e  I n c o n e l  600 and 
Type 316 s t a i n l e s s  s t e e l  would n o t  be a d v e r s e l y  a f f e c t e d  even i f  these minor  
d e v i a t i o n s  were p resen t  i n  t h e  s t a r t i n g  m a t e r i a l s .  
Macro-examinat ion 
An examinat ion  o f  c ross  s e c t i o n s  o f  t h e  f i n  r e v e a l e d  t h a t ,  a t  t h e  over- 
heated l e a d i n g  edge, the  w ick  m a t e r i a l  was d i s i n t e g r a t e d  by c o r r o s i o n  and t h e  
i n t e r i o r  w a l l  o f  the  f i n  was a l s o  s e v e r e l y  cor roded.  A t  l o c a t i o n  A i n  f i g -  
u r e  2 ,  areas o f  t h e  f i n  w a l l  t h a t  appear w h i t e  a r e  cor roded.  The maximum pene- 
t r a t i o n  of t h i s  genera l  c o r r o s i o n  was about  360 pm near  t h e  th rough- the -wa l l  
c rack  which was p a r a l l e l  t o  t h i s  c ross  s e c t i o n .  The s e v e r i t y  o f  t h e  c o r r o s i o n  
p r o g r e s s i v e l y  decreased as t h e  d i s t a n c e  from t h e  l e a d i n g  edge inc reased .  A t  a 
d i s t a n c e  o f  10 mm from the  l e a d i n g  edge no macro-evidence o f  c o r r o s i o n  was 
observed.  
A t  t h e  t r a i l i n g  edge, l o c a t i o n  B i n  f i g u r e  2, no c o r r o s i o n  o f  t h e  wick or 
f i n  was e v i d e n t .  Thus, t h e  wick e x h i b i t s  an a s - f a b r i c a t e d  appearance. A s  
shown a t  l o c a t i o n  C i n  f i g u r e  2, c o n t i n u i t y  o f  t h e  w ick  a t  t h e  f o l d e d  edge o f  
t h e  f i n  p e r m i t t e d  complete access o f  t h e  Na c o o l a n t  t o  t h i s  r e g i o n  o f  t h e  f i n .  
No c o r r o s i o n  was e v i d e n t  a t  l o c a t i o n  C.  
A photograph o f  the  o u t e r  s u r f a c e  o f  t h e  th rough- the-wa l l  c r a c k  (from 
f i g .  1 )  i s  shown i n  f i g u r e  3 ( a > .  C rack ing ,  which i n i t i a t e d  a t  t h e  i n n e r  sur -  
f a c e ,  extended th rough t h e  t h i c k n e s s  t o  t h e  o u t e r  s u r f a c e  about  2 . 3  mm from 
t h e  l e a d i n g  edge. The t o t a l  l e n g t h  o f  t h e  c r a c k  a t  t h e  o u t e r  s u r f a c e  was about  
4 . 3  mm. A t  c r o s s - s e c t i o n  A-A ( f i g .  3 ( b > > ,  t h e  c r a c k  does n o t  q u i t e  ex tend t o  
t h e  o u t e r  s u r f a c e .  Bu t ,  a l i t t l e  f u r t h e r  back from t h e  l e a d i n g  edge i t  d i d  
reach the  o u t e r  su r face  and p e r m i t t e d  a i r  t o  e n t e r  t h e  h e a t  p i p e .  The a i r -  
contaminated Na c o o l a n t  and c o r r o s i o n  p roduc ts  leaked t o  t h e  o u t e r  sur face  and 
depos i ted  a r e s i d u e  t h e r e  ( f i g .  3 ( b ) ) .  
Micro-examinat ion  
The i n t e r g r a n u l a r  n a t u r e  o f  t h e  c o r r o s i o n  c r a c k i n g  i s  e v i d e n t  i n  f i g u r e  4 .  
The c rack  developed i n  t h e  area  o f  genera l  c o r r o s i o n  a t  t h e  i n n e r  s u r f a c e  of 
t h e  f i n  and proceeded t o  t h e  o u t e r  s u r f a c e .  S ince  t h e  p ressu re  w i t h i n  t h e  f i n  
was below atmospher ic  p ressu re ,  a s l i g h t  t e n s i l e  s t r e s s  would be produced a t  
t h e  i n n e r  s u r f a c e  and i t  would c o n t r i b u t e  t o  a s t r e s s  c o r r o s i o n  e f f e c t .  Severe 
c o r r o s i o n  o f  t h e  Type 316 w ick  m a t e r i a l s  a l s o  o c c u r r e d  near  t h e  ove rhea ted  
l e a d i n g  edge o f  t h e  f i n .  A t  l o c a t i o n  A,  shown i n  f i g u r e  5, t h e  i n t e r g r a n u l a r  
a t t a c k  r e s u l t e d  i n  d i s i n t e g r a t i o n  of t h e  w i r e  screen.  I t  was n o t  s u r p r i s i n g  
t o  f i n d  t h e  severe c o r r o s i o n  o f  f i n  and w ick  m a t e r i a l s  s i n c e  t h e  l o c a l i z e d  
area  a t  t h e  l e a d i n g  edge o f  t h e  f i n  was es t ima ted  t o  have been o p e r a t i n g  a t  
about 1350 K .  Under these c o n d i t i o n s  t h e  Na was i n  t h e  gaseous r a t h e r  than  t h e  
l i q u i d  s t a t e .  A t  much lower tempera tures  i n  pumped Na l o o p s ,  Devan ( r e f .  1 )  
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showed a marked increase i n  mass t r a n s f e r  between 922 and 1089 K f o r  Ni-base 
a l l o y s .  Thor ley  and Tyzack ( r e f .  2 )  r e p o r t e d  a r a p i d  c o r r o s i o n  r a t e  i n c r e a s e  
i n  s t a i n l e s s  s t e e l  w i t h  tempera ture  inc reases  from 723 t o  998 K. 
A t  l o c a t i o n  B ( f i g .  5) a t  the  t r a i l i n g  edge, i n t e r g r a n u l a r  c o r r o s i o n  a l s o  
occur red ,  b u t  o n l y  t o  a dep th  o f  10 pm i n  b o t h  t h e  Type 316 w i r e  screen and i n  
the  Incone l  600 f i n .  A l e s s e r  degree o f  a t t a c k  ( 5  pm deep) took p l a c e  a t  t h e  
f o l d e d  s i d e  o f  the  f i n  (see l o c a t i o n  C i n  f i g .  5 ) .  Even though the  e x t e n t  o f  
c o r r o s i o n  i s  ve ry  s l i g h t  these r e s u l t s  show t h a t  I n c o n e l  600 and Type 316 
s t a i n l e s s  s t e e l  a re  s u s c e p t i b l e  t o  c o r r o s i v e  a t t a c k  a t  t h e  1073 K des ign  
tempera ture .  
SUMMARY OF RESULTS 
An i n v e s t i g a t i o n  o f  a f a i l e d  sodium hea t  p i p e  which had c racked because 
o f  l o c a l  o v e r h e a t i n g  a t  t h e  l e a d i n g  edge of an evapora to r  f i n  r e v e a l e d  the  
f o l l o w i n g :  
~ 1 .  Through-the-wal l  c r a c k i n g  which occu r red  near  the  l e a d i n g  edge of t h e  
f i n  was a r e s u l t  o f  i n t e r g r a n u l a r  c o r r o s i o n .  
2 .  C rack ing  i n i t i a t e d  a t  t h e  i n n e r  s u r f a c e  o f  t h e  f i n  and proceeded t o  t he  
o u t e r  su r face .  
3. Severe i n t e r g r a n u l a r  c o r r o s i o n  took p l a c e  i n  t h e  v i c i n i t y  o f  t h e  lead-  
i n g  edge i n  b o t h  the  I n c o n e l  600 f i n  and t h e  Type 316 s t a i n l e s s  s t e e l  w ick .  
4 .  A m inor  degree o f  i n t e r g r a n u l a r  c o r r o s i o n  was observed i n  b o t h  f i n  and 
wick m a t e r i a l s  a t  t h e  c o o l e r  t r a i l i n g  edge and a t  t h e  f o l d e d  s i d e  r e g i o n  of t h e  
f i n .  
CONCLUDING REMARKS 
The reason t h a t  t h i s  hea t  p i p e  f a i l e d  i s  t h a t  t h e  l e a d i n g  edge of t h e  
evapora to r  f i n  was overheated .  The system d i d  n o t  work p r o p e r l y  because l i q u i d  
Na f a i l e d  t o  c a r r y  a s u f f i c i e n t  q u a n t i t y  o f  hea t  away from t h e  l e a d i n g  edge. 
Th is  problem has been l a r g e l y  so l ved  i n  more r e c e n t l y  f a b r i c a t e d  Type 321 
s t a i n l e s s  s t e e l  hea t  p ipes  i n  which h i g h e r  c a p i l l a r y  p ressu re  was produced by 
changing t h e  i n t e r n a l  des ign  o f  t h e  hea t  p i p e s .  
The f a c t  t h a t  some ev idence o f  i n t e r g r a n u l a r  c o r r o s i o n  was found  i n  t h e  
c o o l e r  r e g i o n s  o f  the  f i n  i n  b o t h  I n c o n e l  600 and Type 316 s t a i n l e s s  s t e e l  
i n d i c a t e s  t h a t  c o r r o s i o n  must be cons ide red  a p o t e n t i a l  f a i l u r e  mode i n  l o n g  
, t i m e  s e r v i c e  a t  1073 K .  
Devan ( r e f .  3) suggests t h a t  Ni-base a l l o y s  and s t a i n l e s s  s t e e l s  can be 
s u i t a b l e  fo r  hea t  p i p e  a p p l i c a t i o n s  i f  the  s u r f a c e  a rea  o f  the  w ick  i s  v e r y  
h i g h  and extreme p r e c a u t i o n s  a r e  taken t o  keep i m p u r i t i e s  ( m a i n l y  oxygen) a t  
low l e v e l s .  Devan sees l i t t l e  d i f f e r e n c e  between Ni-base and Fe-base a l l o y s  
f o r  heat  p i p e  a p p l i c a t i o n s .  
I 
I 
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TABLE I. - CHEMICAL ANALYSIS OF F I N  AND SCREEN MATERIALS (WEIGHT PERCENT) 
- 
C r  
N i  
Fe 
Mn 
S i  
C 
Mo 
Inconel  600 f i n  m a t e r i a l  
S p e c i f i e d  
composi t i  on 
range 
14.0 t o  17.0 
Bal ance 
6.0 t o  10.0 
1.0 max 
0.5 max 
0.15 max 
0.8-mm 
sheet 
Bal ance 
0.08 
0.014 
I ------- 
Type 316 s t a i n l e s s  s t e e l  w i  
Speci f i ed 80-mesh and 
range screen 
compos i t i  on 1 SO-mesh 
16.0 t o  18.0 17.5 
10.0 t o  14.0 8 .8  
Balance Balance 
2.0 max 0.9 
1.0 rnax 0.3 
0.08 max 0.074 
2.0 t o  3.0 1.3 
:k m a t e r i a l  
5-mesh 
woven 
w i r e  
17.3 
9.9 
Ea1 ance 
1 .o 
0.6 
0.030 
2.0 
5 
CRACK - 
PLURE 
r - a  
I B  
L f .  
NOTE: ARROWS 
POINT TO EDGE 
TO BE VIEWED 
I N  HICRO- 
EXAM I NAT ION 
FIGURE 1. - EVAPORATOR PORTION OF A FINNED CYLINDER HEAT PIPE SHOWING CRACK LOCATION WHERE THE Na WORKING FLUID LEAKED 
TO THE ATMOSPHERE. LOCATIONS AND VIEWING DIRECTIONS FOR KTALLOGRAPHIC E M I N A T I O N  ARE SHOWN ON THE SKETCH. 
6 
LEAD I NG 
EDGE 
WELD-, 
ORIGINAL PAGE IS 
OF POOR QUALITY 
-WHITE AREA 
IS CORRODED 
LOCATION A. LEADING EDGE OF F I N  NEAR THROUGH-THE-WALL CRACK REGION WHICH WAS PAR- 
ALLEL TO T H I S  CROSS SECTION. 
OF THE F I N  AND I N  THE WICK MATERIAL. 
CORROSION HAS OCCURRED HERE AT THE INNER SURFACE 
-TRAIL ING 
EDGE 
WELD 
LOCATION B. TRAILING EDGE SHOWING WELD PENETRATION INTO WICK AREA. LOCATION C. FOLDED EDGE SHOWING CONTINUOUS CONTACT OF WICK 
WITH F I N  SURFACE. 
FIGURE 2. - APPEARANCE OF THE TYPE 316 STAINLESS STEEL WICK WITHIN THE INCONEL 600 F I N  AND CORROSION EFFECTS AT THE LEADING EDGE. 
(LOCATIONS A, B. AND C WITH VIEWING DIRECTIONS ARE SHOWN I N  FIG.  1 . )  
7 
ORIGINAL PAGE E 
OF POOR QUALKY 
LEADING 
EDGE - 
( a )  EXTERNAL SURFACE OF THE FIN WITH CRACK NORMAL TO THE MLDED LEADING EDGE. 
/EXTERIOR SURFACE RESIDUE 
- 7 - 2  - -  -SCREEN 
REGION 
SECTION A-A 
tb) AT T H I S  LOCATION, THE CRACK, WHICH STARTED AT THE INNER 
SURFACE EXTENDS A L M S T  TO THE OUTER SURFACE OF THE F I N .  
FIGURE 3. - THROUGH-THE-WALL CRACK I N  THE INCONEL 600 F I N  WALL SHOWING PROGRESSION FRON THE INNER TO THE OUTER SURFACE. 
8 
I ORIGINAL PAGE IS 
OF POOR QUALtTY 
r E X T E R I O R  SURFACE OF THE F I N  
8 
( a )  CROSS SECTION OF THROUGH-THE-WALL INTERGRANULAR CRACK IN THE FIN. 
t 
I 
I 
, 
3 
(b) CORRODED AREA AND INTERGRANULAR CRACKING AT INNER SURFACE OF THE F I N .  
FIGURE 4. - CORROSION AT INNER SURFACE OF THE INCONEL 600 F I N  AND THE INTERGRANULAR 
NATURE OF THE CRACKS THAT PROCEED FROM THE CORRODED AREAS. 
F I G .  1. )  ETCH: 
(LOCATION D FROM 
33 MI HN03. 33 MI ACETIC, 33 M I  H20, 1 MI HF, ELECTROLYTIC. 
9 
ORlGlNAL PAGE IS 
OF POOR QUALKY 
LOCATION A. SEVERE INTERGRANULAR CORROSION AND DISINTEGRATION OF THE TYPE 316 
STAINLESS STEEL SCREEN NEAR THE LEADING EDGE OF THE F I N .  
LOCATION B. S L I G H T  INTERGRANULAR CORROSION I N  THE SCREEN AND F I N  MATERIAL. THE DEPTH OF INTERGRANULAR ATTACK IS 
ABOUT 10 MM. 
FIGURE 5. - CORROSION OF TYPE 316 STAINLESS STEEL WICK AND THE INCONEL 600 F I N  RATERIALS AT VARIOUS LOCATIONS W I T H I N  
THE F I N .  (LOCATIONS A, B, AND C ARE SHOWN I N  F I G .  1.) UNETCHED. 
10 
ORIGINAL PAGE IS 
OF POOR QUALtTY 
i 
LOCATION C. INTERGRANULAR CORROSION TO A DEPTH OF ONLY 5 ptd IN THE TYPE 316 STAINLESS STEEL SCREEN LOCATED AT THE 
FOLDED SIDE OF THE FIN. 
FIGURE 5. - CONCLUDED. 
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